The formation of vesicles has been related to the oxidative damage of spectrin, band 4. l deficiency and the cross-linking of spectrin.','*." Only traces of bands l and 2 have been found in the vesicle membranes and bands 3, 4.1, and glycophorin A have been demonstrated by immunoblotting and periodic acid Schiff ~t a i n i n g .~, '~. '~ Our studies have suggested that improved preservation correlates with decreased RBC vesiculation.15 Goals for improved RBC preservation include decreasing the loss of membrane proteins, lipids, and vesicles.
tion of approximately 75 mmoVL (0.69%) glycerol is less affected, and AchE and lipids are better maintained than in Adsol. Decreased total vesicle membrane proteins with less AchE and bands 3 and 4.1 were found in EAS 25.
MATERIALS AND METHODS
Blood samples. Blood donors acceptable by American Association of Blood Banks and Food and Drug Administration criteria were used. The protocol was approved by the University Institutional Review Board. Standard units of blood (450 +-45 mL) were collected with 63 mL citrate-phosphate-dextrose solution in polyvinyl chloride bags (PL 146, Baxter Healthcare Corp, Deerfield, IL) and were centrifuged (RC-3C, Sorvall, Dupont, Wilmington, DE) at 8358 for 10 minutes. The platelet-rich plasma was expressed into a satellite bag. The packed red blood cells (PRBCs) were split aseptically in two aliquots by weight into 300 mL polyvinyl chloride transfer bags. Using a sterile connecting device (SCD 312, Haemonetics Corp, Braintree, MA), 100 mL of an experimental additive solution (EAS 25) was added to one aliquot, and 50 mL of the commercial additive Adsol to the other. The aliquots were stored lying flat at 1 to 6°C without mixing. Before sampling at 0 and 84 days, they were thoroughly mixed on a platelet agitator (Meddev Corp. Los Altos, CA). Sterility was confirmed by inoculating 1.0 mL of the final samples into tubes of thioglycolate and tryptic soy broth.
Preparation of EAS 25. Formulations of the preservation solutions are given in Table 1 . The method of preparation was as described."
Preparation of RBCs, ghosts, and microvesicles. The RBCs were purified by the method of Beutler et ai1' using a-cellulosemicrocrystalline cellulose columns, as described previously? to eliminate leukocyte and platelet contamination. The purified RBCs were lysed in 30 volumes of 5 mmoUL Na,HPO, buffer, pH 8.0 according to Dodge and Phillips.'x The ghosts were isolated by centrifugation at 38,0008 for 20 minutes and washed five times in the same buffer to obtain hemoglobin-free white ghosts.
Microvesicles were isolated as described previously." Briefly, the supernatant was collected after centrifugation of blood at 2,000g for 10 minutes and passed through 0.8 p m nitrocellulose filters (Nuclepore Corp, Pleasanton, CA) in an Amicon filtration system (Amicon Corp, Lexington, MA) at 5 to 10 lbs/sq in N, pressure. The filtrate was centrifuged at 38,OOOg for 1 hour and the isolated vesicle pellet was washed twice with phosphate buffered saline, pH 7.4 containing 2 mmoUL EDTA and 1 mmoUL phenylmethylsulfonylfluoride to prevent proteolysis and stored at -70°C for further studies. total lipid phosphorus by the method of Bartlett.21 Cholesterol and phospholipid concentrations were expressed as pmoVmL RBC, and the molar fractions of cholesteroUphospholipid were calculated.
Fluorescence anisotropy was determined according to the method of Williams and Hazel" using the lipid soluble probe, 1.6-diphenyl-1,3,5-hexatriene (Aldrich Chemical CO, Milwaukee, W). To minimize probe-probe interaction, 300 pg of membrane/vesicle protein samples were suspended in 5 mmoVL Tris-HCI buffer, and the samples were sonicated before fluorescence measurements. All measurements were made at 37°C using a Perkin-Elmer fluorescence spectrophotometer model 650-10s (Perkin Elmer, Norwalk, CT) equipped with a polarizing filter. Measurements were made at an excitation wavelength of 366 nm and an emission wavelength of 430 nm.
Membrane proteins. Total proteins were determined by the method of Bradford" with Coomassie Brilliant Blue G 250 phosphoric acid reagent. The hemoglobin in the vesicle preparations was quantified by the micro-Drabkin method modified by the addition of 0.5% Triton X-l00 to lyse the vesicles and clear the t~r b i d i t y .~~ The hemoglobin value was subtracted from the total protein value to obtain the amount of membrane protein.
Acetylcholinesterase activity. 
RESULTS
To simplify comparisons, data are presented in terms of units of PRBC volume represented as the denominator.
Effect of storage media on lipid composition andjuorescence anisotropy. RBC membranes lost more cholesterol than phospholipids during storage ( Table 2) . Though there was significantly less loss of both cholesterol and phospholipids after storage for 12 weeks in EAS 25 than in Adsol, the RBC membrane C/P ratio in both media declined from a 0.83 prevalue to 0.73. Concurrent with changes in lipid composition, there were significant changes in lipid fluidity. Steady state anisotropy values of RBC membranes decreased with storage, the decrease being markedly greater in Adsol than in EAS 25 ( Table 3 ). The fluidity of the vesicle membranes in Adsol was greater than in EAS 25, but the difference was not significant (Table 3) .
Cholesterol and phospholipid contents of the vesicles shed in EAS 25 were significantly lower than those in Adsol, but the C/P ratios were not significantly different (Table 4) . vesicle membrane protein shows a similar decrease of band 3 protein only (Fig 3) . AchE activity. AchE activity ( Table 6) 
RBC vesiculation. RBCs stored in EAS 25 shed signifi-

DISCUSSION
During blood bank storage or accelerated ATP depletion, RBC membranes lose cholesterol, phospholipids, proteins, and shed exocytic microvesicles.'.'.' The microvesicle membranes lack spectrin and ankyrin, but have demonstrable amounts of most of the other peripheral and integral proteins.3.~n.~ I They are selectively enriched in A C~E . ' .~.~. '~ We have previously shown that RBC vesiculation, hemolysis, and potassium loss in vitro and in vivo recovery are improved in EAS 25.1".2x EAS 25 differs from Adsol mainly by containing 150 mmol/L (1.38%) glycerol, less NaCI, and hypotonicity of the nonpenetrating ingredients ( Table l ) . The data in Table 2 indicate a greater loss of cholesterol (27%) and phospholipids (16.5%) by RBCs stored in Adsol than in EAS 25 (14% and 2%, respectively). The difference in the loss of cholesterol may be sufficient to account for the greater increase in membrane fluidity found in RBCs stored in Adsol ( The markedly decreased loss of cholesterol, phospholipids, AchE, and proteins by RBC membranes in microvesicles suggests better maintenance of membrane integrity in EAS 25 (Tables 4, 5, and 6 ). This is supported by the lower amounts of bands 3 and 4.1 in the membranes of the microvesicles shed in EAS 25 than in Adsol (Figs 1, 2, and  3) . It is possible that significantly greater disruption of the linkages between spectrin, bands 3 and 4.1 and between the latter and the glycophorins occurs in Adsol than in EAS Phosphoinositides have been shown to enhance the interaction of protein 4.1 with the glyc~phorins.~*~~~ Possibly this relationship will prove to have a bearing on the release of protein 4.1 in vesicle membranes. We have shown that phosphoinositide 4,5-P04, which has the greatest effect on the protein 4.1 and glycophorin linkage, is selectively better represented in RBC vesicles, suggesting perturbation of this linkage. ' The effect of the hypoosmolarity of EAS 25 must also be considered. The initial mean corpuscular volume (MCV) of the RBCs in this preservative versus Adsol was 1 13 W90 fL, and after 12 weeks, the values were 100/88 Meryman et al" have suggested that increased membrane tension in hypoosmolar solutions will reduce the shedding of vesicles by RBCs during storage. This has not been proven. It is difficult to conceive that this could be a factor in explaining the differences in vesicle membrane composition that we have described. Cell swelling and low pH activate the K-Cl cotransport p a t h~a y .~' This pathway is active in reticulocytes and the young RBC population and plays a role in regulatory volume decrease (RVD). Under blood bank storage conditions, RVD and the K-Cl cotransport pathway probably do not play a significant role.
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The conclusions that may be drawn are that the formation of vesicles by RBCs is a complex process that depends on changes in the interactions occurring between the cytoskeleton, peripheral membrane proteins, and lipids. The quantity and structure of the vesicles varies with the nature of the storage medium in which the RBCs were kept. It is suggested that less loss of critical membrane proteins is an indicator of improved RBC preservation. Additional studies are needed for understanding the results reported. They will be the underpinning for the development of formulations for the improved storage of RBCs.
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